Morgellons disease (MD) is a dermatological condition characterized by aberrant production of keratin and collagen fibers in skin. Although infection with Borrelia burgdorferi, the causative agent of Lyme disease (LD), has been associated with MD, relatively few studies have hitherto provided epidemiological evidence regarding this association. A cohort of 1000 seropositive North American LD patients was evaluated for the presence of MD. Patients were diagnosed with MD based on detection of microscopic fibers in skin lesions or under unbroken skin. Demographic and clinical features of MD patients were analyzed, and laboratory testing for tickborne coinfections and other infectious agents, was performed. Subjective and objective features of MD were analyzed using statistical methods. Of 1000 seropositive LD patients, 60 (6%) were diagnosed with MD. Of these 60 patients, 75% were female and 78% presented in the late disseminated stage of MD. All 60 patients (100%) were seropositive for B. burgdorferi infection. Tickborne coinfections in these patients included Babesia spp (62%), Bartonella and Rickettsia (25% each), Ehrlichia (15%) and Anaplasma (10%). Helicobacter pylori was detected in 12% of MD patients. In all, 77% of MD patients had one or more coinfections. This study confirms recent findings that MD occurs in a limited subset of LD patients. The clinical and genetic determinants of MD in LD patients require further study.
Introduction
Morgellons disease (MD) is a dermatological condition characterized clinically by the presence of multicolored microscopic fibers in skin lesions or lying under unbroken skin. [1] [2] [3] [4] [5] [6] [7] The disease is associated with overproduction of keratin and collagen in cutaneous tissue. Historically, MD has been misclassified as a delusional disorder due to its sometimes bizarre symptomatology in patients who present with claims of colorful fibers or parasites protruding from or crawling within the dermis. In contrast, recent peer reviewed publications demonstrate that MD is a true somatic illness associated with Borrelia infection, and not a delusional disorder. [1] [2] [3] [4] [5] [6] [7] Other studies have shown that a similar dermopathy occurs in cattle and dogs, providing further evidence that MD is a dermatological condition associated with spirochetal infection. 8, 9 The spirochete Borrelia burgdorferi is the etiologic agent of Lyme disease (LD). According to the Centers for Disease Control and Prevention (CDC), there are more than 300,000 newly diagnosed cases of LD each year in the USA, 10 making it the fastest growing epidemic of our time. 11 LD is twice as common as breast cancer, 12 six times more common than HIV/AIDS, 13 20 times more common than hepatitis C virus (HCV) infection, 14 and 30 times more common than tuberculosis in the USA. 15 Unfortunately, a large number of LD cases go either undiagnosed or misdiagnosed, resulting in chronic infection and potential complications associated with the tickborne disease, including MD. 6, 16 Although previous studies have shown a strong clinical association between LD and MD, 2,3,5-7 few studies have provided epidemiological data for MD. Recently, Mayne evaluated a cohort of Australian patients and found that 6% of seropositive Lyme patients were positive for MD based on skin microscopy. 17 This publication was the first to provide an epidemiological assessment of MD as related to LD. To date, there are no similar studies regarding the prevalence of MD in North America. Other studies have implicated tickborne coinfections and Helicobacter pylori infection in the etiology of MD. 18, 19 The present study is the first to analyze the prevalence and clinical characteristics of MD in a cohort of North American patients with LD drawn from a single medical practice.
Materials and Methods

Patients and data collection
Patients were recruited from a medical practice located in San Francisco, CA, specializing in the diagnosis and treatment of tickborne diseases. All patients were residents of North America. Informed consent for data collection was obtained from each patient, and the anonymous data collection protocol was approved by the Western Institutional Review Board (WIRB), Puyallup, WA. Patients were included in the study if they met the diagnostic criteria for MD through identification of fibers visible in skin lesions or under unbroken skin using a hand-held microscope, as previously described. [1] [2] [3] [4] [5] [6] MD classification based on the duration of disease (early versus late) and the extent of skin involvement (localized versus disseminated) was performed as previously described. 5 All subjects were required to have LD testing and tickborne coinfection testing through a single laboratory, and they were required to have repeat testing to confirm the diagnosis of LD. Prior antibiotic treatment was not an excluding factor. Subjective data including a thorough history was obtained during the initial patient encounter. Objective data including physical findings and laboratory testing was collected during each patient visit and through various laboratories.
Laboratory assessment
Testing for tickborne diseases was performed through IGeneX Laboratory in Palo Alto, CA. IGeneX is a high-complexity testing laboratory that has Clinical Laboratory Improvement Amendments (CLIA) certification. Seropositivity for LD and tickborne coinfections was based on standard laboratory interpretation criteria, as previously described. 20 Serological testing for Helicobacter pylori infection was performed through various laboratories using standard assays. 21 To evaluate companion diagnostic features of tickborne diseases, CD57 natural killer (NK) cell subset testing was performed by Bioreference Laboratories (Elmwood Park, NJ) or LabCorp, Inc. (Burlington, NC). 22 Testing for complement protein C4a, a marker of inflammation, was performed by National Jewish Health Laboratory in Denver, CO. 23 Low CD57 NK cells and elevated C4a levels are common in LD patients. 22, 23 Statistical analysis was performed using R statistical software version 3.2.5 (R Foundation for Statistical Computing, Vienna, Austria). The Student t-test was used for parametric variables and the Pearson correlation coefficient r was used for non-parametric variables.
Results
A total of 1000 patients (665 females and 335 males) who were residents of North America and seropositive for LD were screened for the study. Patients ranged in age from 22 months to 93 years. Of this total, 62 were diagnosed with MD. Two patients were excluded from the study. One subject never returned after the first visit and the other never received follow-up testing, although the subject tested positive for tickborne coinfections. A total of 60 patients were included for data analysis.
MD tended to be more common in women, with a 3:1 female-to-male ratio (P=0.001), as shown in Table 1 . The median age of MD patients was 52 years, with an age range of 26-75 years, as shown in Figure 1 Figure 2 . More than three-quarters of MD patients (78%) were diagnosed with late disseminated MD at presentation, as shown in Table 2 , and the most common patient symptoms are shown in Table 3 . The three most common symptoms were musculoskeletal pain, fatigue and insomnia; the next most common were cognitive impairment and depression, followed by hypothyroidism, anxiety and neuropathy.
Coinfection testing to evaluate other infectious agents in the etiology of MD was performed on all patients, and the documented coinfections are listed in Table  5) . Examination of companion diagnostic tickborne disease testing in the MD cohort revealed that 66% had decreased CD57 NK cells and 33% had increased C4a levels. A lower CD57 NK level correlated with a higher C4a inflammatory marker level in a non-linear manner (r=0.02), as shown in Figure 3 .
Article
Discussion
According to the CDC, approximately 329,000 cases of LD are diagnosed each year in the USA (10). In our cohort of North American LD patients, we found that 6% had MD (Table 1) . Based on these numbers, there may be at least 19,740 annual cases of MD in the USA (MD prevalence = 6%; MD incidence =19,740). Considering cumulative rates of LD over the past 20 years, there may be approximately 5,304,500 total cases of LD in the USA, corresponding to a total of at least 318,270 cases of MD. At this rate, and as a reference, MD is slightly more common than HCV infection, 1.5 times more common than pediatric cancer and almost three times more common than amyotrophic lateral sclerosis in the USA. 14, 24, 25 Patients were more likely to present with late disseminated MD in our cohort (Table 2) , and systemic symptoms that often accompany LD were common (Table 3) . Many of these symptoms tended to precede the onset of MD skin lesions. Tickborne coinfections including Babesia spp (62%), Bartonella and Rickettsia (25% each), Ehrlichia (15%) and Anaplasma (10%) were found in patients with MD (Table 4) , and Helicobacter pylori infection was detected in 12% of MD patients. More than three-quarters of patients had at least one coinfection (Table 5) , and it is unclear if these coinfections serve as a trigger or exacerbate the condition. Studies have found Helicobacter pylori and Bartonella in tissue biopsies of MD patients, 18, 19 and further studies are needed to investigate the role of coinfections in MD severity and presentation. Our study confirms that there is a greater tendency for women to develop MD, and the 3:1 female predominance exceeds the 2:1 female predominance of LD in our cohort. 2, 26 Savely and Stricker 2 previously showed that women are more likely to develop this dermopathy in conjunction with LD, reflecting the fact that certain disease processes may be recognized more frequently in women due to an exaggerated response to infection. 26 Women also tend to be more meticulous with dermatologic care, and increased awareness of skin changes could account for a female predominance of the disease. Genetic factors may also play a role in MD. Preliminary genetic studies have demonstrated nine genes with significant sequence variation in MD patients (Sapi E, University of New Haven, unpublished observation 2017). There was no difference in age at presentation between men and women, although men tended to present at a slightly younger age (Figures 1 and 2 ).
As noted above, patients were more likely to present with late disseminated MD ( Table 2 ). Since MD apparently represents a dermatopathological spectrum associated with LD, it is possible that many individuals do not realize they have the dermatological condition until later in its course, when more symptoms are present and/or more skin lesions appear. As in the case of LD, few practitioners diagnose and treat MD, and patients may have a difficult time obtaining treatment during the early stages of the disease. 27 Consequently, there may be a greater tendency to seek medical care only after the disease worsens.
Future studies are required to evaluate and confirm MD epidemiological data obtained in this study. Larger sample sizes should be examined and direct methodology such as culture, immunohistochemistry and molecular testing, should be performed to confirm the tickborne disease etiology of MD. Furthermore, genetic susceptibility for MD should be evaluated, and additional animal studies in dogs, cattle and other models should be conducted to determine the prevalence of MD in association with spirochetal infection and genetic factors in animal and human populations.
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Conclusions
To our knowledge, this is the first study that documents the prevalence and clinical characteristics of MD in North American patients. The study confirms recent findings that MD occurs in a limited subset of LD patients, and other tickborne coinfections were inconsistently associated with MD. The clinical and genetic determinants of MD in LD patients require further study.
